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ABSTRACT 



Aims. We aim at detecting and determining the properties of the host galaxy of the dark GRB 050223. 

Methods. We use VLT optical/NIR images coupled to Swift X-ray positioning, and optical spectra of the host galaxy to measure its 
. properties. 

Results. We find a single galaxy within the Swift error box of GRB 050223. It is located at z = 0.584 and its luminosity is L ~ 0.4 L* . 
Emission lines in the galaxy spectrum imply an intrinsic SFR > 7 Mq yr _I , and a large extinction A v > 2 mag within it. We also 
detect absorption lines, which reveal an underlying stellar population with an age between 40 Myr and 1.5 Gyr. 
Conclusions. The identification of a host galaxy with atypical properties using only the X-ray transient suggests that a bias may be 
present in the former sample of host galaxies. Dust obscuration together with intrinsic faintness are the most probable causes for the 
darkness of this burst. 
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5t i "I - Introduction ness hypothesis could explain some cases (e.g., Pedersen et al. 

2006), for other DGRBs the existence of at least some obscura- 
Long gamma-ray bursts (LGRBs) are brief pulses of r -ray radia- don inside ^ HG haf , been daimed ( pirQ gt a , ^ A 

tion occuring about once per day at random positions in the sky, ticularl inter esting case is GRB 970828 (Groot et al. 1998 1 

and lasting more than 2 s. LGRBs are accompanied by fading af- Dj vski et al 20 01 ), which has been proposed as the proto- 
terglows detected at longer wavelengths, which can be observed of dust . enshrouded bursts , and is the only DGRB whose 

for months or even years Optical and MR afterglows are usually HG haf , been detected ^ ±e pTR fe j ^ (Lg gt ^ 

observed, except for a subpopulation of dark LGRBs (DGRBs). 2006 1 

This can be attributed, in some cases, to the lack of early ob- rp, , ■ c j * *: tr , r r) D c , , 

, . . . -, t , , , The hypothesis of dust extinction of DGRB afterglows is par- 

servations reaching faint magnitudes. In other cases deep and interesti in the context of the relationship between 

prompt follow-ups indicate that true DGRBs indeed exist and lqRB s and star formation (SF). The connection of LGRBs with 
that they comprise a fraction of ~10% of all bursts (Jakobsson „ /tJ - . , o A na c, i t i ™i 

orirK core-collapse supernovae (Hjorth et al. 2003; Staneket al. 2003 

C " ? ,' r • , r , • ,. J Malesanietal. 2004; Campana etal.2006'i the SF activity ob- 

The lack of optical afterglows in DGRBs could be explained seryed ^ their HQs (Le Floc>h e( al ^ Q2 Prochaska et aL 

in different ways. DGRB afterglows could be nitrinsically under- 2QQ4 and their massiye steUar itors proposed b y theo- 

lummous or extincted by intergalactic Ly-or absorbers (if located mkal models (p gt aJ 199 ^ ^ LGRfis mi ht fee 

at high redshift) or by the dusty interstellar medium of their host d sp tracers ^ detectabilit at hi h redshift (Tagliaferr i 

galaxies (HGs). While som e authors find that the intrinsic faint- gt ^ 2005 R£s]ip e( al gp, Kawai ^ al M wouM thefl 

Send offprint requests to: L. J. Pellizza, e-mail: transform them in a promising tool to probe SF in the early 

pellizza@iafe.uba.ar Universe. However, the sample of HGs obtained so far shows 

* Based on observations collected at the European Southern Obser- a bia s to underluminous and blue objects (Le Floc'h et al. 

vatory, Chile, under proposal ESO 75.A-0718. 120031 . while there is evidence that a significant fraction of the 
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SF at high redshift took place in luminous, reddened and dust- 
enshrouded IR starbursts (Elbaz et al. 2002 1. If the obscuration 
hypothesis is correct, a natural explanation for this bias arises 
from the fact that, in most previous investigations, LGRB HGs 
have been identified through the accurate positioning given by 
optical afterglow measurements. Hence, mostly HGs of unob- 
scured bursts have been identified, leading to a natural exclusion 
of dusty starburst galaxies. The detection of such galaxies asso- 
ciated to LGRBs would make a strong case for the obscuration 
hypothesis, and would also support the LGRB-SF connection. 

GRB 050223 was discovered by the Swift satellite at 
03:09:06 UT on February 23, 2005 (Mitani et al. 120051 . and 
also detected by INTEGRAL (Mereghetti et al. I2005l >. It was a 
LGRB (T 90 = 23 s), with a fluence of 7.4 X 10 -7 erg cirT 2 (15- 
350 keV). The Swif t X-ray telescope (XRT) detected its after- 
glow (Giommi et al. 2005 1, which was also observed by XMM- 
Newton (De Luca & Campana 2005 1. The afterglow presented 
a power-law decay with a slope a - 0.99*[J J^. Its spectrum 
was well fitted by an absorbed power law with a photon index 
T = 1.75^[j [g, and a hydrogen density column A^h ~ 10 21 cm -2 , 
consistent with the Galactic value, A^h = 7 x 10 20 cirT 2 (Page 
et al. 120051 . XRT gave also a precise positioning of the after- 
glow, a J2 ooo = 18 h 5 m 33° 08, c5j 2 ooo = -62°28'2075 (574 error 
radius; Moretti et al. l2006t . 

Searches for the ultraviolet and optical afterglow were made 
by Sw ift Ultraviolet and Optical Telescope (Gronwall et al. 
2005 », XMM Optical Monitor (Blustin et al. l2005l . ROTSE III 
(Smith 120051 . PROMPT (Nysewander et al. l2003t and the 
Mount John University Observatory (Gorosabel et al. 2005). No 
observations were reported in the IR or radio domains. The deep- 
est observations put a stringent limiting magnitude R > 21.2 
only 4. 1 hours after the burst. Assuming that the decay of the 
optical afterglow follows the same law as the X-ray afterglow, 
and taking into account the Galactic absorption of 0.2 mag at 
the position of the burst (Schlegel et al. I1998> . this limit implies 
a magnitude R > 23.8 at 2 days after the burst. Hence, follow- 
ing the criterion of Djorgovski et al. J2001i . GRB 050223 can 
be classified as a DGRB. The aforementioned observations put 
also an upper limit fiox < 0.8 for the mean optical to X-ray 
spectral index of GRB 050223, hence it can not be classified as 
dark according to the criterion of Jakobsson et al. (2004i, which 
requires fiox < 0.5 for a burst to be dark. This is a direct conse- 
quence of the faintness of the X-ray afterglow, which was used 
by Page et al. ( 2005 1, together with the value of A^h, to argue that 
GRB 050223 has an intrinsically underluminous afterglow. 

In this Letter we report the detection of the host galaxy of 
GRB 050223 and the determination of its properties. Sects. |2] 
and0present our observations and results respectively. Sect. @] 
discusses the properties of the galaxy and their implications on 
the nature of DGRBs. 

2. Observations 

Our observations of GRB 050223 were carried out with the 
ESO 8-meter Very Large Telescope UTs 1 and 2 at Paranal 
Observatory, Chile, as part of a program dedicated to the study 
of LGRB HGs (ESO 75.A-0718, P. I. Pellizza). Optical and MR 
images of the field of the source were obtained with the ESO 
Focal Reducer and Low Dispersion Spectrograph 1 (FORS 1) 
on May 10, 2005, and with the Infrared Spectrometer And Array 
Camera (ISAAC) on June 5, 2005. FORS 1 was used in imag- 
ing mode with the Bessel R filter to obtain 10 deep (308 s per 
exposure) frames of the field of the source. A set of 42 1 minute 
exposures were also taken in the short wave mode of ISAAC 



with the K s filter. These images were reduced in the standard 
way (bias/dark subtraction, flat fielding and illumination correc- 
tion), and combined to obtain very deep final science images 
with equivalent exposures of 5 1 and 42 minutes in the R and K s 
bands, respectively. 

By chance, we found a single HG candidate within GRB 
050223 Swift error box, down to the sensitivity limits of our data. 
For this candidate, we obtained optical spectra with FORS 2 on 
July 30-31, 2005. Three 1 h exposures were made in LSS mode 
with an 1" slit, grism 3001 and the OG590 order sorting filter. 
Each of them was reduced (bias subtraction, flat fielding), and 
the three frames were combined into a single one with an equiva- 
lent exposure of 3 hours, from which the spectrum was extracted 
and calibrated in wavelength and flux. All reduction and calibra- 
tion tasks were performed with IRAF. 



3. Data analysis and results 

We performed the astrometry of our science R and K s images us- 
ing 2MASS coordinates of 22 detected stars. We obtained an rms 
error of 0713 and 0714 respectively, small enough for our pur- 
poses. In Fig.^we show the field of the source in both bands, 
together with the position of the Swift and XMM error circles 
(574 and 371 radius at 90% CL respectively), the latter obtained 
from our own analysis of XMM data. By chance, we find a sin- 
gle object (H in Fig.Q inside both circles. Three other objects 
(S in Fig.[0 lie outside them but near their boundaries; they are 
stars with >99% probability according to a PSF fit to their pro- 
files. Object H is extended (roughly 175 in radius) and morpho- 
logically consistent with a galaxy. Its coordinates (J2000) are 
a = 18 h 05 m 32 s :992, 6 = -62°28' 18781 (±0716, which takes into 
account the 2MASS catalog uncertainty of 071), only 178 apart 
from the nominal XRT afterglow position, and 277 from that of 
XMM. There is no other conspicuous object within the error cir- 
cles down to our 3cr limiting magnitudes of R ~ 26 and ~ 21. 
We note that with these limits a typical LGRB HG like those in 
the sample of Le Floc'h et al. ( 2003 1 would be detectable up to 
a redshift of ~2.5. Hence, although at this point we cannot com- 
pletely discard a high redshift galaxy, H is a good HG candidate 
for GRB 050223. 

We performed differential aperture photometry of candidate 
H, using a set of stars in our frames with known USNO B 1 .0 and 
2MASS as comparisons. R magnitudes of the comparison stars 
were computed from their photographic Illa-J and IIIa-F magni- 
tudes and the transformations of Windhorst et al. (119911 . while 
their K s magnitudes were taken directly from the 2MASS cata- 
log. Linear fits of comparison against instrumental magnitudes 
give R = 21.76 ± 0.05 and K s = 18.88 ± 0.02 for candidate H. 
Correcting for Galactic extinction (E(B -V) = 0.09; Schlegel et 
al. 119981 . we obtain its intrinsic magnitudes, R = 21.55 ± 0.05 
and K s = 18.85+0.02. Using galaxy number counts (Liske et al. 
2003 1, we derive probabilities of ~5% and ~2% of finding a 
galaxy brighter than candidate H within the XRT and XMM er- 
ror circles, respectively. Computing the fraction of the sky area 
covered by galaxies brighter than H (e.g., Piro et al. 2002 1 gives 
a probability of chance alignment of 1 %, consistent with the pre- 
vious values. Hence, we can discard at >95% CL the hypothesis 
that H is a field galaxy aligned by chance with the burst, making 
a stronger case for its association to GRB 050223. 

In Fig. |2] we show our spectrum of candidate H; the features 
identified in it are listed in Tabled The spectrum presents promi- 
nent emission lines (HJ3, Hy, [O n] 3727 A, [O ra] 4959,5007 A). 
Although the S/N ratio is poor, we identify also a rather strong 
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Fig. 1. The field of GRB 050223 in R (left panel) and K s (right 
panel) bands. North is up and East is to the left. The large and 
small circles are the Swift XRT and XMM error boxes for the 
source (5'.'4 and 3'.'1 radius respectively at 90% CL). A single 
extended object (H) is found inside them in both images. Other 
three objects (S) lying near their boundaries are stars with > 99% 
probability. 

Table 1. Lines identified in the spectrum of candidate H. 



Fig. 2. Upper panel: Normalized optical spectrum of candidate 
H, showing lines both in emission (HB, Hy, [On], [Om]) and 
absorption (H<5, Can, early Balmer lines). Lower panel: Flux- 
calibrated spectrum of the region around 4000 A (rest frame, 
vertical dashed line), exhibiting the break at this wavelength. 
Horizontal dashed lines are plotted at the mean flux in the 3750- 
3950 A and 4050-4250 A ranges. 



Species 


(A) 


'iobs 

(±1 A) 


EW (rest frame) 

(A) 


[On] 


3727 


5900 


-27 + 6 


H12 


3750.154 


5937 


2.3 ±0.3 


Hll 


3770.632 


5972 




H10 


3797.900 


6015 


2.6 + 0.6 


H9 


3835.386 


6077 




H8 


3889.051 


6167 




CanK 


3933.664 


6232 


< 2.6 


CanH 


3968.470 


6285 




He 


3970.074 


6289 




R6 


4101.737 


6496 


4.4 ± 0.6 


Hy 


4340.468 


6875 


> -2.4 


H/3 


4861.332 


7699 


-8.2 ±2.0 


[Om] 


4959 


7850 


-5.7 ± 1.8 


[Om] 


5007 


7927 


-11.3 ± 1.3 



stellar continuum exhibiting a clear break at 4000A (rest frame), 
and absorption lines such as strong H<5, Ca n lines, and several 
early Balmer lines. From the emission lines we derive a red- 
shift z - 0.584 ± 0.005, consistent with that obtained by Berger 
& Shin (2006 1. At this redshift, the luminosity distance of the 
galaxy (for a cosmological model with Qa = 0.7, Q m = 0.3 
and Ho = 70 km s _1 Mpc~') is 3.4 Gpc. Using this distance 
and the k-correction for an Sc model (Poggianti 119971 , we de- 
rive an absolute magnitude Mk s — -23 Al + 0.03. Assuming 
M* K = -24.5 (e.g., Saracco et al. I2006> the luminosity of the 
galaxy is L ~0.4 L*, which makes H one of the most luminous 
LGRB HGs. The blue R-K s = 2.70 + 0.07, though not unusual, 
is red der than those of LGRB HGs at z ~ 0.6 (Le Floc'h et al. 
20031. 

The detection of H<5 and early Balmer lines in absorption, 
while Hy and HB are seen in emission, implies a strong Balmer 
decrement and suggests a large extinction. Assuming Ry = 3.1, 
the ratio Hy/HB < 0.3 (corrected for Galactic extinction) gives 
Ay > 2 mag, or E(B - V) > 0.65 within H. This corresponds to a 



hydrogen column density Nu ^ 10 21 cirT 2 (Dickey & Lockman 
1990 1, marginally consistent with that derived from X-ray ob- 
servations (Page et al. 2005 1. The observed emission lines indi- 
cate the presence of ongoing star formation. We measure a lower 
limit 1 to the [On] 3727 A flux F [0u] > 8.2 x 10~ 17 erg cirT 2 s"\ 
corrected for Galactic extinction, which corresponds to a lumi- 
nosity L[On] > 1.3 x 10 41 erg s _1 . Correcting for the measured 
extinction within H, we derive a SFR > 7 Mq yr _I (Kennicutt 
1998 1, and hence a specific SFR > 17.5 M Q yr" 1 L* _1 . We do not 
detect the [Ne in] 3869 A line, implying a low [Ne m]/[0 n] ratio. 

The rest-frame equivalent widths of H<5 and [O n] 3727 A 
are consistent with an e(a) classification for this galaxy — 
e(a) galaxies are emission-line objects with strong H6 absorp- 
tion, EW(H5) > 4 A, and moderate [On] emission, 5 A < 
|EW(0 n)| < 40 A (Poggianti & Wu 2000 1—. This is also con- 
sistent with the derived extinction, as e(a) galaxies have a me- 
dian E(B - V) — 1 . 1 1 . The probability of finding an e(a) galaxy 
within the XRT error circle is less than 0.5% (Poggianti & Wu 
2000 1, making a stronger case for the association between this 
galaxy and GRB 050223. The presence of a strong H<5 line and 
several early Balmer lines (He-H12) in absorption indicates also 
the existence of a stellar population dominated by A0V stars, 
whose age could range from 40 Myr to 1.5 Gyr (Poggianti & 
Wu I2000> . Finally, the observed 4000 A break has an index 
^4000 = 1.3 +0.2, which is consistent with late-type star-forming 
galaxies. 

4. Discussion 

Combining the accurate X-ray positioning of LGRB afterglows 
given by Swift XRT, and very deep VLT optical and NIR images 
and optical spectra, we identified the likely HG of the dark GRB 
050223. It is a 0.4 U, blue galaxy at z = 0.584, with strong SF 

1 The galaxy is larger than the slit width, but we expect this limit to 
be near the true value because only the faint outskirts were missed. 
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(SFR > 7 Mq yr\ SSFR > 17.5 Mq yr 1 L* _1 ), a stellar popu- 
lation dominated by AOV stars with an age of 40 Myr-1.5 Gyr, 
and a large extinction (Ay > 2 mag). 

This galaxy has some typical properties of LGRB HGs. It 
is underluminous and blue, with strong emission lines indicat- 
ing SF, although it is brighter and redder than other LGRB HGs 
at its redshift (Le Floc'h et al. 2003 1. It shows also some atyp- 
ical features. The [Nein] 3869 A to [On] 3727 A ratio is low, 
and the inferred SFR and extinction are among the highest ones 
derived from optical observations (much higher SFRs were de- 
termined from radio observations, e.g. by Berger et al. (J2003 1, 
although radio SFRs are in some cases higher than optical ones 
for the same galaxy). Another atypical property is the presence 
of a strong stellar population dominated by AOV stars, implied 
by the observed absorption lines, and the e(a) classification that 
follows from them. We point out that our finding of an HG spec- 
trum that differs from those previously reported is the result of 
a new HG selection based only on X-ray transients. This may 
imply the presence of a bias in the HG sample that has been 
considered so far. 

The large observed extinction suggests that this DGRB took 
place in a dust-enshrouded starburst. The e(a) type spectrum is 
usually interpreted as produced in galaxies with strong ongo- 
ing star formation, together with older stellar populations and a 
high selective obscuration affecting the youngest stars (Poggianti 
et al. 1200 1 i . Star forming regions, inside which LGRBs occur, 
are expected to be highly obscured in these galaxies. Hence, our 
results support the obscuration hypothesis for DGRBs, which 
was also strengthened by the recent classification o f the H G of 
GRB 0301 15 as an extremely red object (Levan et al. 2006 1. Our 
picture is consistent with that of Nakagawa et al. (2006), who 
proposed that the dark GRB 051022 took place inside a dusty 
molecular cloud, given the large extinction (Ay = 49 mag) de- 
rived from X-ray data. We point out that a very high dust extinc- 
tion has been also proposed as a possible reason for the discrep- 
ancy between the rate of core-collapse SNe (which are related 
to LGRBs) determined from NIR surveys, and that estimated 
from the FIR luminosity of their parent galaxies (Mannucci 
et al. 12003b . However, we note that the only LGRB with a HG 
possibly showing a similar extinction (Ay = 3.4 mag accord- 
ing to Vreeswijk et al. 2001 but only 0.15 mag according to 
Christensen et al. 2004 1 to that of our candidate, is not a DGRB 
(GRB 990712 at z = 0.43). If its high extinction is confirmed, 
this could be the result of a different dust distribution in both 
galaxies, obscuration not affecting the star-forming regions in 
the HG of GRB 990712 (not an e(a) type). Or, this might imply 
that dust extinction alone is not a sufficient condition to produce 
a DGRB. On the other hand, the confirmation of a low extinc- 
tion for the GRB 990712 HG would strengthen the hypothesis 
that dusty strabursts produce DGRBs. It is important to note, 
however, that there are DGRB HGs which are not representative 
of dusty starbursts (e.g., GRB 000210; Gorosabel et al. 120031 . 

Our measurement of a redshift z = 0.584 for the likely host 
galaxy of GRB 050223 casts a shadow over the high redshift hy- 
pothesis proposed by Page et al. ( 2005 ) to explain the faintness 
of its X-ray afterglow, leaving the possibility of a large jet open- 
ing or viewing angle. Our detection of obscured star formation in 
its HG does not contradict their conclusion of the GRB 050223 
afterglow being underluminous. Intrinsic faintness might well be 
complementary to dust absorption in producing a DGRB, either 
by requiring a modest dust mass to suppress the afterglow, or 
by being ineffective in destroying the circumburst dust. We note 
that GRB 050223 and GRB 990712 lie at opposite ends in the 
X-ray afterglow brightness distribution. 



Although it shows a high optical extinction, the likely HG 
of GRB 050223 does not seem to be one of the galaxies with 
luminous, reddened IR starbursts and very high SF activity. 
Particularly, it was not detected by Spitzer (Le Floc'h 2006, priv. 
comm.) in the FIR. The constraint set by these observations, 
SFR < 10 Mq yr , is consistent with our results. However, 
it is noteworthy that the position of this HG in Figs. 4 and 5 
of Le Floc'h et al. (2003) is consistent with the loci of the NIR 
counterparts of high redshift ISO galaxies. Further investigation 
of this HG would be important to get a deeper insight into the 
nature of DGRBs and the LGRB-SF connection. 
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